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The requirement for innovation is fundamental to NASA’s mission: “to pioneer the future in space exploration, scientific discovery and aeronautics research.” Doing ground-breaking space-based science requires the continuous invention, and engineering, of new, better, and more precise instruments. Yet, in recent years, the sector has been heavily criticized for its performance in this respect (Augustine, Austin et al. 2009; Lawler 2009). Innovation in this context is defined as the process through which new, cutting-edge technologies are conceived of, developed and integrated into advanced space missions.​[1]​ While NASA has a formal systems engineering process for new project development (NASA 2007), as governed by the Federal Acquisition Regulations (Government 2005), to the extent that it has an explicit R&D management process, it is highly decentralized. At NASA, innovation is nominally conceptualized as a three-stage process. Promising ideas are initially explored through basic concept development, funded by individual research centers. Next, the most promising of those concepts are further matured through applied R&D, funded from Headquarters (HQ). Finally, a very small subset of those, are infused into flight projects and undergo formal project-specific development. The flow of new concepts to implementation on flight projects is controlled by a series of gates – decision points, where progress is reviewed and the set of maturing capabilities that will go on to the next level are selected. The goal is to develop enough new capabilities now, so that future projects will be able to draw upon mature (i.e., low technology risk) versions of the capabilities they will require. No new technology can be infused into a flight project unless it has reached a Technology Readiness Level (TRL) of at least “TRL 6”​[2]​ (NASA 2007).

However, there is circular logic fundamental to this system. Projects need new capabilities to accomplish their ambitious mission objectives, but prefer proven technology. And, a new technology can’t be considered proven until it has flown; in some cases, applied R&D funding can’t even be secured until interest from a flight project has been demonstrated. This tension is illustrated vividly by the contrasting perspectives of an experienced NASA Center chief engineer and a staff instrument scientist:

Chief engineer: “there is not a dearth of ideas; [that’s not the problem, the problem is that] there is a sad lacking in the understanding of the ramifications of carrying the idea through to its conclusion. So the ability of a human being to sort through 100s of ideas to find the one or two that might be a useful nugget is a very difficult. […] in general, there are more technologists with ideas looking for a place to apply them, than there are people who are flying flight missions looking for ways to solve problems that they have with new technology.”

Staff scientist: “Technology takes years to develop - from when you have a good idea to when you have an applicable product even to a single government use, never mind commercial - so to have a coherent plan, what you need is a vision for the technology needs that is stable compared to that timeline. It’s not. We don’t know what we’re doing for years and years at a time, and by the time we do, the technology that’s in the pipeline is misdirected. That doesn’t always happen, [but] that happens enough that it seriously detracts from the utility of the program. And people at my level are essentially reading tea leaves and putting fingers to the wind trying to figure out where the wind’s shifting to try and leverage the opportunity towards something useful. And sometimes it works… surprisingly! but a lot of times, [you find that] you built a widget that has no applicability.”

In practice, the system works as well as it does because these contradictions are resolved through informal mechanisms; innovations are furthered by dedicated technologists, funded by programs that do not officially exist, and infused into flight projects via informal social interactions. Yet, current conceptual models of this innovation process, upon which many technology management decisions at NASA are currently based, do not capture the dynamics of the informal structure that has evolved. In fact, in discussing this research, one member of NASA’s leadership noted: “even just drawing a picture of what the system actually looks like would be an important contribution.” 

Based on evidence from six detailed process studies of instances of innovation in NASA’s science directorate – including more than 100 hours of interviews, 250 archival documents and 2 months of informal observations – this research proposes a more nuanced Epoch-Shock model of the pre-infusion technology development process. The Epoch-Shock model identifies four epochs of persistent behavior, punctuated by shocks that induce transitions from one epoch to another. While the ordering of the epoch-shock sequence differs from case to case, key patterns can be observed across multiple cases. We illustrate how this new conceptualization of the technology development process can inform how the R&D organization should be structured and managed.  
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^1	  In the broader literature, multiple definitions of innovation exist. Most include the concepts of novelty and commercialization. In the space and defense context, where commercialization is not typically the goal, implementation (i.e., use in the field) has been taken as equivalent Grissom, A. (2006). "The Future of Military Innovation Studies." The Journal of Strategic Studies 29(5): 905-934.. 
^2	  NASA’s Technology Readiness Level (TRL) scale is described in detail in Ch2. A TRL 6 technology is one that has been demonstrated in a flight-like environment.
